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METHOD 6A - DETERMINATION OF SULFUR DIOXIDE, MOISTURE, AND
CARBON DIOXIDE FROM FOSSIL FUEL COMBUSTION SOURCES

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and anal ytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nethod should have a
t hor ough knowl edge of at | east the follow ng additional test
met hods: Method 1, Method 2, Method 3, Method 5, Method 6,
and Met hod 19.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity
SO, 7449-09- 05 3.4 ng SO/ n?
(2.12 x 107 I b/ ft?3)
CO, 124-38-9 N A
H,O 7732-18-5 N A

1.2 Applicability. This method is applicable for
the determ nation of sulfur dioxide (SO) em ssions from
fossil fuel conbustion sources in ternms of concentration
(my/dscmor I b/dscf) and in terns of emission rate (ng/J or
| b/ 10° Btu) and for the determ nation of carbon dioxide
(CO,) concentration (percent). Misture content (percent),

if desired, may al so be determ ned by this nethod.
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1.3 Data Quality QObjectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 A gas sanple is extracted froma sanpling point
in the stack. The SO, and the sulfur trioxide, including
those fractions in any sulfur acid mst, are separated. The
SO, fraction is nmeasured by the bariumthorin titration
met hod. Mbisture and CO, fractions are collected in the
sanme sanpling train, and are determ ned gravinetrically.
3.0 Definitions. [Reserved]

4.0 Interferences.

Sane as Method 6, Section 4.0.
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnent. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user to establish
appropriate safety and health practices and determ ne the
applicability of regulatory limtations prior to performng
this test nethod.

5.2 Corrosive reagents. Sane as Method 6, Section
5. 2.

6.0 Equipment and Supplies.
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6.1 Sanple Collection. Sanme as Method 6, Section
6.1, with the exception of the foll ow ng:

6.1.1 Sanpling Train. A schematic of the sanpling
train used in this nethod is shown in Figure 6A-1.

6.1.1.1 |Inpingers and Bubblers. Two 30-m m dget
inpingers with a 1I-mmrestricted tip and two 30-m m dget
bubblers with unrestricted tips. Oher types of inpingers
and bubblers (e.g., Mae West for SO, collection and rigid
cylinders containing Drierite for noisture absorbers), my
be used with proper attention to reagent volunes and | evels,
subject to the approval of the Adm nistrator.

6.1.1.2 CO, Absorber. A sealable rigid cylinder or
bottle with an inside dianeter between 30 and 90 mm, a
| ength between 125 and 250 mm and appropriate connections
at both ends. The filter may be a separate heated unit or
may be within the heated portion of the probe. If the
filter is within the sanpling probe, the filter should not
be within 15 cm of the probe inlet or any unheated section
of the probe, such as the connection to the first bubbler.
The probe and filter should be heated to at |east 20 °C (68
°F) above the source tenperature, but not greater than 120
°C (248 °F). The filter tenperature (i.e., the sanple gas
tenperature) should be nonitored to assure the desired

tenperature is maintained. A heated Tefl on connector may be
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used to connect the filter holder or probe to the first
I npi nger .

NOTE: For applications downstream of wet scrubbers, a
heat ed out-of-stack filter (either borosilicate glass wool
or glass fiber mat) is necessary.

6.2 Sanple Recovery. Sane as Method 6, Section 6. 2.

6.3 Sanple Analysis. Sane as Method 6, Section 6.3,
with the addition of a balance to neasure within 0.05 g.
7.0 Reagents and Standards.

NOTE: Unless otherwi se indicated, all reagents nust
conformto the specifications established by the Commttee
on Anal ytical Reagents of the American Chem cal Society.
Where such specifications are not avail able, use the best
avai | abl e grade.

7.1 Sanple Collection. Sane as Method 6, Section
7.1, with the addition of the foll ow ng:

7.1.1 Drierite. Anhydrous calciumsulfate (CaSQ,)
desiccant, 8 nesh, indicating type is recommended.

NOTE: Do not use silica gel or simlar desiccant in
this application.

7.1.2 CO, Absorbing Material. Ascarite Il. Sodium
hydr oxi de-coated silica, 8- to 20-nesh.

7.2 Sanple Recovery and Anal ysis. Sane as Method 6,

Sections 7.2 and 7.3, respectively.
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8.0 Sample Collection, Preservation, Transport, and
St or age.

8.1 Preparation of Sanpling Train.

8.1.1 Measure 15 m of 80 percent isopropanol into
the first m dget bubbler and 15 ml of 3 percent hydrogen
peroxide into each of the two m dget inpingers (the second
and third vessels in the train) as described in Method 6,
Section 8.1. |Insert the glass wool into the top of the
i sopropanol bubbler as shown in Figure 6A-1. Place about 25
g of Drierite into the second m dget bubbler (the fourth
vessel in the train). Cean the outside of the bubblers and
i npingers and allow the vessels to reach roomtenperature.
Wei gh the four vessels sinmultaneously to the nearest 0.1 g,
and record this initial weight (m,).

8.1.2 Wth one end of the CO, absorber seal ed, place
gl ass wool into the cylinder to a depth of about 1 cm (0.5
in.). Place about 150 g of CO, absorbing material in the
cylinder on top of the glass wol, and fill the remaining
space in the cylinder with glass wool. Assenble the
cylinder as shown in Figure 6A-2. Wth the cylinder in a
hori zontal position, rotate it around the horizontal axis.
The CO, absorbing material should remain in position during
the rotation, and no open spaces or channels should be
formed. |If necessary, pack nore glass wool into the

cylinder to make the CO, absorbing nmaterial stable. Cean
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the outside of the cylinder of |oose dirt and noi sture and
allow the cylinder to reach roomtenperature. Wigh the
cylinder to the nearest 0.1 g, and record this initial
wei ght (my,).

8.1.3 Assenble the train as shown in Figure 6A-1.
Adjust the probe heater to a tenperature sufficient to
prevent condensation (see NOTE in Section 6.1). Place
crushed ice and water around the inpingers and bubbl ers.
Mount the CO, absorber outside the water bath in a vertical
flow position with the sanple gas inlet at the bottom
Fl exi bl e tubing (e.g., Tygon) nay be used to connect the
| ast SO, absorbing inpinger to the noisture absorber and to
connect the noisture absorber to the CO, absorber. A
second, smaller CO, absorber containing Ascarite Il may be
added in-line downstream of the primary CO, absorber as a
br eakt hrough indicator. Ascarite Il turns white when CO, is
absor bed.

8.2 Sampling Train Leak-Check Procedure and Sanpl e
Col l ection. Sanme as Method 6, Sections 8.2 and 8. 3,
respectively.

8.3 Sanmpl e Recovery.

8.3.1 Moisture Measurenment. Disconnect the
i sopropanol bubbler, the SO, i npingers, and the noisture

absorber fromthe sanple train. Allow about 10 m nutes for
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themto reach roomtenperature, clean the outside of |oose
dirt and noisture, and wei gh them sinultaneously in the sane
manner as in Section 8. 1. Record this final weight (my).

8.3.2 Peroxide Solution. Discard the contents of the
i sopropanol bubbl er and pour the contents of the m dget
inpingers into a | eak-free pol yethyl ene bottle for shipping.
Rinse the two m dget inpingers and connecting tubes with
water, and add the washing to the sanme storage contai ner.

8.3.3 CO, Absorber. Allow the CO, absorber to warmto
roomtenperature (about 10 m nutes), clean the outside of
| oose dirt and noisture, and weigh to the nearest 0.1 g in
the sane manner as in Section 8. 1. Record this final weight
(m;). Discard used Ascarite Il nmaterial
9.0 Quality Control.

Sane as Method 6, Section 9.0.

10.0 Calibration and Standardization.

Sane as Method 6, Section 10.0.
11.0 Analytical Procedure.

11.1 Sanple Analysis. The sanple anal ysis procedure
for SO, is the sane as that specified in Method 6, Section
11. 0.

11.2 Quality Assurance (QA) Audit Sanples. Analysis
of QA audit sanples is required only when this nethod is

used for conpliance determ nations. Obtain an audit sanple
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set as directed in Section 7.3.6 of Method 6. Analyze the
audit sanples, and report the results as directed in Section
11.3 of Method 6. Acceptance criteria for the audit results
are the sanme as those in Method 6.
12.0 Data Analysis and Calculations.

Same as Method 6, Section 12.0, with the addition of
the foll ow ng:

12.1 Nonencl at ure.

C. = Concentration of noisture, percent.

Cw» = Concentration of CO, dry basis, percent.
Esw = Emi ssion rate of SO, ng/J (lb/10°% Btu).
Fc = Carbon F-factor from Method 19 for the fuel
burned, dscmJ (dscf/10° Btu).
m, = Initial weight of inpingers, bubblers, and

noi sture absorber, g.
my; = Final weight of inpingers, bubblers, and

noi st ure absorber, g.

m;, = Initial weight of CO, absorber, g.
m; = Final weight of CO absorber, g.
My = Mass of SO, col |l ected, ny.

Voo(stay = Equi val ent vol ume of CO, coll ected at standard
condi tions, dscm (dscf).
Vistey = Equival ent vol ume of noisture collected at

standard conditions, scm (scf).
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12.2 CO, Volune Col l ected, Corrected to Standard

Condi ti ons.

Voo(stay = Kg (My - my) Eq.

wher e:
K; = Equival ent vol une of gaseous CO, at standard
conditions, 5.467 x 10* dscnmig (1.930 x 102

dscf/qg).

6A-1

12.3 Misture Volune Collected, Corrected to Standard

Condi ti ons.
Vistay = Ko (my - my) Eq. 6A-2
wher e:
K, = Equival ent volune of water vapor at standard
conditions, 1.336 x 102 scmg (4.717 x 1072
scf/ Q).
12.4 SO, Concentration.
Co, - K,N(V, - V,,) (V, / V) cq. GA-3
Vigsta) * Veo(sta)
wher e:
K, = 32.03 ng SO/ neq. SO, (7.061 x 105 I b SO/ neq.
SQ)
12.5 CO, Concentration.
Cer, = 5 Vooj“‘\t/d’ Eq. 6A-4

(st d) Co,( st d)
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12.6 Mbi sture Concentration.

V
Co = HES Eq. 6A-5
" Vigstay * Vst * Voostay

13.0 Method Performance.

13.1 Range and Precision. The m nimum detectable
[imt and the upper Iimt for the neasurenent of SO, are the
sane as for Method 6. For a 20-liter sanmple, this nmethod
has a precision of 0.5 percent CO, for concentrations
between 2.5 and 25 percent CO, and = 1.0 percent npisture
for noisture concentrations greater than 5 percent.

14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
16.0 Alternative Methods.

If the only em ssion neasurenent desired is in terns
of em ssion rate of SO, (ng/J or |b/10% Btu), an abbreviated
procedure may be used. The differences between the above
procedure and the abbrevi ated procedure are descri bed bel ow

16.1 Sampling Train. The sanpling train is the sane
as that shown in Figure 6A-1 and as described in Section
6.1, except that the dry gas neter is not needed.

16.2 Preparation of the Sanpling Train. Follow the

sanme procedure as in Section 8.1, except do not weigh the
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i sopropanol bubbl er, the SO, absorbing inpingers, or the
noi sture absor ber.

16.3 Sanmpling Train Leak-Check Procedure and Sanpl e
Col l ection. Leak-check and operate the sanpling train as
described in Section 8.2, except that dry gas neter
readi ngs, baronetric pressure, and dry gas neter
t enperatures need not be recorded during sanpling.

16.4 Sanple Recovery. Follow the procedure in
Section 8.3, except do not weigh the isopropanol bubbler,
the SO, absorbi ng inpingers, or the noisture absorber.

16.5 Sanple Analysis. Analysis of the peroxide
solution and QA audit sanples is the sane as that described
in Sections 11.1 and 11.2, respectively.

16.6 Cal cul ati ons.

16.6.1 SO, Coll ect ed.

n.éoz :KZN(Vt - tb)(vsolnlva) Eq. 6A-6
wher e:
K, = 32.03 ng SO/ neq. SO

= 7.061 x 10°° I b SO/ neq. SO

16.6.2 Sul fur Di oxi de Em ssi on Rate.

Eso2 - KgFe n%ozl(an - m;) Eq. 6A-7

wher e:
K = 1.829 x 10° ng/dscm
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= 0.1142 | b/ dscf
17.0 References.

Same as Method 6, Section 17.0, References 1 through
8, with the addition of the follow ng:

1. Stanley, Jon and P.R Westlin. An Alternate
Met hod for Stack Gas Misture Determ nation. Source
Eval uation Society Newsletter. 3(4). Novenber 1978.

2. Wittle, Rchard NN and P.R Westlin. Air
Pol I uti on Test Report: Devel opnent and Eval uati on of an
Intermttent Integrated SO/ CO, Em ssion Sanpling Procedure.
Envi ronnental Protection Agency, Em ssion Standard and
Engi neering Division, Emssion Measurenent Branch. Research
Triangl e Park, NC. Decenber 1979. 14 pp.

18.0 Tables, Diagrams, Flowcharts, and Validation Data.
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Sampling train.

Figure 6A-1.
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Figure 6A-2. CO, Absorber
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